The objective of this study was to evaluate the effects of dietary vitamin E supplementation on performance, slaughter-carcass characteristics and meat quality traits of Karya male lambs. Lambs weaned approximately at 10 weeks of age were divided into two groups. After the 10 days adaptation period, control group (CG, n=7) and vitamin E group (VEG, n=6) lambs were fed on with concentrates ad libitum and 100 g hay/lamb/day for 70 days. In addition the VEG received a supplement on concentrates of 45 mg/lamb/day vitamin E during the fattening period. The meat quality traits were determined using m. longissimus dorsi (LD) obtained from split between 12th and 13th ribs on both groups lambs. Daily gain and feed conversion efficiency were 259 g and 5.3 for CG and 266 g and 4.7 for VEG, respectively. There was no vitamin E supplementation effect on the average daily weight gain and feed conversion efficiency (P>0.05). However, VEG had 10.5 % higher feed conversion efficiency than control lambs. Slaughter and carcass characteristics of lambs were not significantly affected from vitamin E supplementation (P>0.05). There were no effects of vitamin E supplementation on lightness (L*), redness (a*), yellowness (b*) and pH during 12-day aerobic storage. Thiobarbituric acid reactive substances (TBARS) values at day 2 were not affected by the vitamin E treatment. However, TBARS values on day 4 and 8 (P<0.05), and day 12 (P<0.01) were higher in the CG than in the VEG. Although not significant, 10 % higher feed conversion efficiency in VEG animals might suggest that vitamin E supplementation is useful to improve fattening performance. 
Introduction
All tocopherols and tocotrienols are known as Vitamin E. Biologically most active and natural form of vitamin E is α-tocopherol (AZZI and STOCKER 2000) . Vitamin E is a necessary dietary supplement for growth, reproduction, immune function, disease prevention, enhancement and tissue integrity. Vitamin E is a lipid soluble and chain breaking antioxidant that protects cellular membranes against oxidative damages. Since meat is processed by mechanical tools, the risk of oxidation via air and tools is high. Therefore colour, flavour and odour characteristics of meat can be affected during mechanical processing. During storage of meat and meat products, lipid oxidation is the main factor for loss of quality. Lipid oxidation causes negative changes on structure and nutritition value as well as colour, flavour and odour of meat (LAHUCKY et al. 2000 (LAHUCKY et al. , 2005 . The colour stability of meat is important for retailers and consumers. Changes in meat colour are interpreted as effects of improper storage conditions. It is reported that supplementation of vitamin E delays colour change, decreases drip loss and may provide lasting of meat shelf life (ASGHAR et al. 1991 , LAHUCKY et al. 2005 In recent years, many studies were conducted on effects of dietary vitamin E supplementation on various animal performances (STROHECKER et al. 1997 , DUFRASNE et al. 2000 , MACIT et al. 2003a ,b, LAUZURICA et al. 2005 , KRSKA et al. 2001 , KOLODZIEJ and JACYNO 2005 , meat quality characteristics (meat colour, pH etc.), oxidative stability and shelf life of meat products in cattle (ROBBINS et al. 2003) , on pork (LAHUCKY et al. 2005) , on lamb (GUIDERA et al. 1997 , MACIT et al. 2003a ,b, LAUZURICA et al. 2005 . The objective of this study was to evaluate the effects of dietary vitamin E supplementation on fattening performance, slaughter-carcass characteristics and meat quality traits of Karya male lambs.
Material and methods
This study was carried out at the Research and Practice Farm of Çine Vocational High School, Adnan Menderes University, Aydın, Turkey. Karya (KARACA et al. 2004 ) male lambs (n=13) weaned at 10 weeks of age were used in the study. The lambs were randomly divided into two groups, Vitamin E (VEG, n=6) and Control (CG, n=7) lambs. After the 10 days adaptation period, the live weights of all lambs (three consecutive days after adaptation period) were recorded as initial weight. The animals were housed in groups according to treatment and were fed a concentrate mixture ad libitum and 100 g clover hay/lamb/day. During the 70 days fattening period, commercially available concentrate containing 90 % dry matter and 167.7 g crude protein, 60,9 g crude ash and 24.4 g crude fat/kg and 2 407 ME, kcal/kg was fed to lambs. The hay contained 91.2 % dry matter and 139 g crude protein and 375 g crude fibre/kg. In addition, VEG received a supplement of 45 mg/lamb/day (MACIT et al. 2003a ) vitamin E (DL-α-tocopherol acetate) during the fattening period. Live weights of all lambs were recorded every second week. Final weights of all lambs were recorded at the end of the fattening period after 12 h fasting and then after 24 h fasting prior to slaughter. Concentrate consumption of the groups was recorded periodically. All animals were slaughtered at the end of the fattening period. After complete eviceration and dressing, warm carcass weights were taken. The head, skin, feet, genitalia and offal were weighed. Internal fat deposited around the kidneys (perinephric fat) and around the gastrointestinal tract (gut fat) was separated and weighed. Carcasses were chilled for 24 h at 4 °C and cold carcasses were weighed. The tails were removed at its articulation and the cannon bones were dissected from the carcasses. The cold carcasses were split into symmetrical two parts along the backbone and leg depth, leg width, leg length, rump width, chest depth, chest width and shoulder width were measured on the whole and left half of the carcasses. The left half of the carcasses were cut into six parts according to the procedure given by COLOMER-ROCHER et al. (1987) and weighed. The surface area of a cross section of the m. longissimus dorsi (LD) between the 12th and 13th ribs was traced onto an acetate paper and measured using a planimeter. Dressing percentage was calculated as a ratio of 24 h fasting weight prior to slaughter and cold carcass weight. Proportional weights were calculated as the ratio of the heart, lungs and liver weights relative to slaughter weight. The proportional weights of the testes and internal fat were calculated relative to warm carcass weight and those of the other organs and carcass cuts relative to the cold carcass weight.
The pH values were measured in the whole carcass immediately after the slaughter and again after 24 h. Meat quality traits were determined on steak cuts from LD on three lambs (according to mean live weights). The LD muscles were maintained under fluorescent light up to 12 days. The pH measured on freshly cut surfaces of LD muscle by direct probe of the pH meter (IQ 240, PH26-SS).
Meat colour was determined using a Minolta CR 300 (Minolta Camera Co., LTD, Osaka, Japan) using illuminant D65. Reflectance was determined over 400-700 nm range then L*, a* and b* values were calculated. A steak was divided into five slices and individually placed in polystyrene trays covered by oxygen permeable polyethylene film and stored at 4±1 °C for period 2, 4, 8 and 12 days (DUFRASNE et al. 2000 , MACIT et al. 2003 a) after the slaughter. And then it was assessed for colour and oxidative rancidity by the thiobarbutiric acid reactive substances (TBARS) procedure. The TBARS concentrations were measured according to the procedure given by TARLADGIS et al. (1960) and expressed as mg malonaldehyde equivalents per kg of fresh meat.
The mathematical model for the analysis of growth performance, live weight, carcass characteristics and meat quality traits included fixed effects due to group and random effect due to residual error (SAS 1998) . The Student's t-test was used to detect significant differences between means. Daily feed consumption and feed conversion efficiency were calculated on a group basis. 
Results and discussion
Initial and final weight of CG and VEG lambs were 12.73 kg and 13.22 kg, and 31.37 kg and 31.38 kg, respectively. There were no significant effect of groups on the initial and final weight of lambs (P>0.05). The differences between the daily weight gains (266 g vs. 259 g) and feed conservation efficiency (4.7 vs. 5.3) for 70 days were found not be significant (P>0.05) (Table 1) . However, animals in VEG had 10.5 % higher feed conversion efficiency and 2.56 % higher daily weight gain than those in CG. Similar results have been reported by MACIT et al. (2003a,b) on Morkaraman male lambs. The present results were also in agreement with the results of STROHECKER et al. (1997) and LAUZURICA et al. (2005) . Carcass measurements, slaughter and carcass characteristics of the two groups of lambs are presented in Table 2 . The leg depth, rump width, leg width and leg length of the VEG lambs tended to be higher than the CG lambs, (P>0.05). In the present study dietary vitamin E supplementation did not have any significant effect (P>0.05) on the slaughter and carcass characteristics of lambs. All examined traits were similar for both groups (Table 2) . Similar results have been reported by MACIT et al. (2003a,b) . The changes in L*, a* and b* values over the 12 day storage period after slaughter are presented in Table 3 . No significant differences were found on colour parameters (P>0.05). Changes in a* values on LD for the CG and VEG are given in Figure 1 . Colour stability can be affected by many factors such as muscle type, diet, storage period, storage temperature and oxygen availability. Many studies were conducted on the effects of vitamin E on meat colour although those studies were differed in terms of storage period, packaging, and amount of vitamin E supplementation (KRSKA et al. 2001) .
These results are in agreement with those of MACIT et al. (2003 b) who found no differences in L*, a* and b* values on LD during 12 day storage period between vitamin E supplemented (45 mg/ lamb/ day for the 75 day before slaughter) and control Awassi lambs.
However, GUIDERA et al. (1997) reported that colour stability of α-tochopherol supplemented (1 000 mg/kg) group lambs had more favourable than control group lambs. Researchers also reported that vitamin E supplementation delayed metmyoglobin formation on lamb patties under modified atmosphere condition (KERRY et al. 2000) , and increased oximyoglobin formation of lamb meat stored under modified atmosphere during 14 days, in Manchego breed (LAUZURICA et al. 2005) .
TBARS values during storage are given in Table 4 and Figure 2 . TBARS values of fresh meat were low in both groups at day 2 and did not differ significantly. However, TBARS values increased after day 2 and differed significantly on days 4, 8 (P<0.05) and 12 (P<0.01) between CG and VEG animals. These findings are consistent with those of STROHECKER et al. (1997) who found a delay in lipid oxidation during storage in lamb meat supplemented with 2000 IU a-tocopheryl acetate. Similarly, LOPEZ-BOTE et al. (2001) reported the TBARS value of meat from under refrigerated and dark conditions during 9 days as 0.45 mg MDA/kg muscle for lambs supplemented with 1 000 mg of vitamin E/kg, whereas the TBARS value for nonsupplemented lambs was 3.1 mg MDA/kg muscle. MACIT et al. (2003 a) found that TBARS values on LD of Morkaraman male lambs fed vitamin E supplemented diet were lower (P<0.05) at days 2, day 4, day 8 and day 12, than those of controls.
Similarly, protective effect of dietary vitamin E supplementation against lipid oxidation under various conditions in lamb (KERRY et al. 2000 , MACIT et al. 2003b , LAUZURICA et al. 2005 and pork (BUCKLEY et al. 1989 , ASGHAR et al. 1991 , LAHUCKY et al. 2005 was reported. The results presented here are in consistent with those mentioned above.
In this study, pH values of whole carcass at slaughter and 24 h after slaughter were not different between groups. Similarly, pH values of LD muscles on days 2, 4, 8 and 12 (Table 5) were not different between groups. LAUZURICA et al. (2005) found that dietary vitamin E supplementation had no effect on pH 24 h after salughter. Similar results have been reported by MACIT et al. (2003b) at different storage periods.
In conclusion, dietary 45 mg/lamb/day vitamin E supplementation during 70 days resulted more favourably TBARS values of meat than those of nonsupplemented group lambs. Although not significant, 10 % higher feed conversion efficiency in VEG animals might suggest that vitamin E supplementation is useful to improve fattening performance. Meat colour, pH, slaughter and carcass characteristics were not influenced by vitamin E supplementation. In the vitamin E supplementation studies it has been reported that, lipid oxidation of meat, especially during the long storage periods was reduced by vitamin E. However, the results obtained in studies related to the effects of vitamin E supplementation on meat colour and pH values were contradictory. In general, in studies related to the effects of vitamin E supplementation on performance, slaughter and carcass characteristics were found that performance was not affected by vitamin E supplementation. Nevertheless, since the number of animals used in the studyis relatively low, the absence of significant differences between groups should be further evaluated using more animals, different vitamin E doses and different storing and evaluating conditions of meat.
